of Menetrier's patients were colonized with H. pylori, and the resultant offspring were screened for the incorporation of exogenous DNA by Southern blotting performed eradication of the bacteria brought about symptomatic relief and regeneration of normal gastric architecture on genomic DNA extracted from tail biopsies. Using a probe directed against the CMV sequence, we have (Bayerdorffer et al., 1993 (Bayerdorffer et al., , 1994 . In contrast, another review of clinical material obtained from Menetrier's paidentified nine founder mice that have incorporated H-Y20A into their genomes and seven founders positive tients suggested that infestation with H. pylori is no more probable in this group than in the population at large for the wild-type H/K-ATPase ␤ subunit. Southern blotting performed on the offspring of the founders demon-(EUROGAST Study Group, 1993; Wolfen et al., 1993) . Mice infected with Helicobacter felis, which is closely strates that the exogenous sequences are transmitted in the germ line (data not shown). related to H. pylori, develop histopathologic changes that are characteristic of Menetrier's disease (Fox et Western blots performed on tissues derived from the transgenic animals have shown that the exogenous proal., 1996) . Examination of the acid-hypersecreting mice produced in this study reveals that, over the course of teins are ectopically expressed. Using a monoclonal antibody (MAb) directed against the gastric H/K-ATPase several months, they also acquire the complete Menetrier's phenotype. These data suggest that Menetrier's ␤ subunit, we have found that in control mice, the protein disease is not attributable exclusively to H. pylori colonization. Instead, it would appear that this condition may be induced as a common endpoint by a number of chronic gastric irritants.
Results

The H-Y20A Mutant Form of the H/K-ATPase ␤ Subunit Can Assemble with the H/K-ATPase ␣ Subunit in COS Cells
The cDNA encoding a mutant form of the H/K-ATPase ␤ subunit, in which tyrosine 20 has been replaced by an alanine (H-Y20A), was generated by site-directed mutagenesis and subcloned behind the cytomegalovirus (CMV) promoter in the mammalian expression vector pCB6. This construct was then expressed by transient transfection in COS cells either singly or together with a cDNA encoding the H/K-ATPase ␣ subunit. The capacity for assembly of the H-Y20A mutant ␤-subunit polypeptide with the H/K-ATPase ␣ subunit was determined by examining the extent to which the mutant ␤ subunit could support the ␣ subunit's cell surface delivery (Figure 1) . We have previously shown that the H/K-ATPase ␤ subunit is able to reach the cell surface when expressed by itself in COS cells, whereas the ␣ subunit is retained in the ER (Gottardi and Caplan, 1993b) . As can be seen in Figure 1A , H-Y20A can reach the cell surface of COS cells when expressed individually and can assemble with the H/K-ATPase ␣ subunit when the two proteins are coexpressed ( Figures 1C and 1D) . Thus, the mutation introduced into the cytoplasmic tail of H-Y20A does not affect its ability to form ␣␤ holoenzyme. We would expect, therefore, that H-Y20A would be fully capable of forming complexes with ␣ subunits endoge- bryos were implanted into pseudopregnant females, and is expressed only in the stomach and is not detected in other tissues such as the colon, the brain, the kidney, and the liver. In contrast, the protein is expressed in all of these tissues in the transgenic mice that have incorporated constructs encoding the H-Y20A or the wild-type H/K-ATPase ␤ subunit (data not shown).
We predicted that mice expressing an H/K-ATPase ␤ subunit that lacks the tyrosine-based motif might secrete gastric acid in the absence of secretagogue, since those H/K-ATPase dimers that incorporate the mutant ␤ subunit may be constitutively expressed in the apical membranes of parietal cells. We have measured acid secretion in isolated gastric glands by monitoring the accumulation of a pH-sensitive dye, acridine orange (Berglindh et al., 1980) . Gastric glands from threemonth-old control mice as well as from three-month-old transgenic mice expressing the wild type or the mutant ␤ subunits were loaded with acridine orange and examined under basal conditions or following incubation with histamine, which stimulates acid secretion ( Figure 2 ). The control and wild-type-expressing glands exhibit a similar pattern. Acridine orange accumulation is low in the basal state (Figures 2A and 2C) and increases in the presence of histamine ( Figures 2B and 2D ). This increase in dye accumulation presumably results from the fusion of the TVE with the plasmalemma of parietal cells and the concomitant acidification of the gland lumen. A markedly different pattern is observed in glands obtained from mice expressing H-Y20A. Maximal acridine orange accumulation is observed in resting glands (Figure 2E) , and histamine does not stimulate further acid secretion ( Figure 2F ). These data are quantitated in Figure 2G. These results demonstrate that the glands expressing a mutated tyrosine-based motif secrete acid under resting conditions at levels comparable to those observed in control glands stimulated by a maximal cells induces an elevation of intracellular calcium, which
While control and wild-type glands manifest low basal acid secretion has been shown to play an important role in signal transthat is elevated in response to histamine, glands from animals exduction and appears to correlate with parietal cell activapressing the mutant construct exhibit maximal acid secretion in the tion (Chew, 1986; Geibel et al., 1995; .
absence of secretagogue.
We have measured intracellular calcium levels by using the calcium-sensitive dye calcium orange in basal or secretion is maximal. It appears, therefore, that the hystimulated isolated gastric glands from three-monthperacidification is not due to hyperstimulation by a seold control and transgenic animals ( Figure 3 ). The three cretagogue or to a defect in the signal transduction preparations demonstrate similar patterns. The intracelpathway, but rather to the constitutive expression of the lular calcium level is low in the basal state (Figures 3A, H/K-ATPase at the parietal cell surface. 3C, and 3E) and increases in the presence of histamine ( Figures 3B, 3D , and 3F). These data are quantitated in Cell Surface Expression of the H/K-ATPase Is Figure 3G . These results indicate that histamine can Increased in the Basal State in Transgenic activate its receptor and produce an appropriate second
Mice Expressing H-Y20A Compared messenger cascade in glands from transgenic animals.
to Control Animals Moreover, the intracellular calcium level is low in resting If the mutation present in H-Y20A prevents retrieval of the H/K-ATPase and its return to the TVE, we would glands expressing H-Y20A, despite the fact that acid transgenic mice expressing H-Y20A ( Figure 4C ), and stimulation by pentagastrin does not further enhance this stimulated phenotype ( Figure 4D ). expect that the gastric parietal cells present in unstimulated stomachs of animals expressing H-Y20A would
In order to quantitate these data, micrographs of 70 individual parietal cells from each of the four treatment display the microvilli and enlarged canalicular structures characteristic of stimulated cells. We have examined the protocols presented above were scored by observers who were blinded to the experimental conditions. Cells ultrastructural morphology of parietal cells from threemonth-old control and transgenic mice expressing were rated according to the extent to which they manifest "stimulated" or "unstimulated" morphologies. The H-Y20A (Figure 4 ). Prior to sacrifice, the animals received an injection either of cimetidine to block gastric percentage of stimulated cells present in the transgenic mice expressing H-Y20A in the basal state was signifiacid secretion (basal state) or of pentagastrin to stimulate acid production (stimulated state). In the stomachs cantly higher than that observed in the control animals under resting conditions (54.6% Ϯ 4.6% versus 39.8% Ϯ of nontransgenic control mice that have been injected 8.9%, p Ͻ 0.05). The percentage of stimulated cells in transgenic mice under basal conditions was not significantly different from that found in the control and transgenic animals under stimulated conditions (54.6% Ϯ 4.6% versus 62.8% Ϯ 9.5% and 64.3% Ϯ 10.7%). These results suggest that parietal cells from unstimulated transgenic animals expressing H-Y20A exhibit the structural specializations associated with acid secretion and are consistent with the hypothesis that H/K-ATPase is constitutively expressed in the apical membranes of these cells.
If H/K-ATPase heterodimers that incorporate the H-Y20A ␤ subunit are not available for endocytosis, then a large population of both pump subunit polypeptides should be present at the apical plasmalemma in resting parietal cells expressing this construct. To test this prediction, we performed immunoelectron microscopy on ultrathin frozen sections derived from the resting and stimulated stomachs of both control and transgenic mice expressing H-Y20A. Resting and stimulated stomachs were obtained from animals that had been treated according to the same protocols employed in the experiment presented in Figure 4 . Ultrathin cryosections were labeled with an antibody directed against the H/KATPase ␣ subunit, followed by a secondary antibody ␤ subunit's tyrosine-based signal results in the accumulation of the H/K-ATPase ␣ subunit at the apical plasmalemma. Taken together with the data presented in transgenic mice that express the wild-type protein exFigures 2 and 4, these observations demonstrate that hibit normal tissue architecture ( Figures 6A and 6B ). In the ␤ subunit's tyrosine-based signal is necessary to contrast, gastric mucosa from the transgenic animals mediate the internalization of the functional H/K-ATPase expressing H-Y20A is consistently abnormal. These holoenzyme from the cell surface. Disruption of this momice manifest lesions that vary in severity from superfitif blocks the return of the H/K pump to the TVE regulated cial erosion ( Figure 6C ) to deeper erosions sparing only storage compartment, resulting in constitutive secretion the basal portions of the glands ( Figure 6D ). In some of gastric acid.
cases, frank gastric ulcers develop and are associated with hemorrhage ( Figure 6E ) and inflammation extending into the muscularis ( Figure 6F ). All of the mice Transgenic Mice Expressing H-Y20A Develop carrying a mutant ␤ subunit had lesions in the gastric Lesions Characteristic of Gastric Ulcer mucosa, but none showed any lesion in the duodenum Disease and Hypertrophic Gastropathy or the esophagus. These results indicate that the transWe next investigated the histology of stomach secgenic animals expressing H-Y20A, which hypersecrete tions from control and transgenic animals to determine gastric acid in the basal state, develop lesions similar to whether the hyperacidification observed in the mice exsome of those observed in human peptic ulcer disease. pressing H-Y20A leads to any pathological effects (Figure 6) . Stomachs from three-month-old control and
In order to determine the long-term effects of basal hypersecretion of gastric acid on gastric mucosal morphology, we have examined the histology of stomach These histological changes are remarkably similar to (E and F) Parietal cell staining in H-Y20A (E) and wild-type (F) mice.
those described in patients with hypertrophic gastropaThere is a marked absence of staining for parietal cells in the areas thy or Menetrier's disease (Menetrier, 1888; Frank and associated with mucous metaplasia in H-Y20A mucosa (E). Kern, 1967; Davis et al., 1977; Scharschmidt, 1977 of the glands in the mice expressing H-Y20A ( Figure 7G ). This hyperproliferative state appears to affect priacid pumps, and the renal Na/Pi cotransporter involves marily the mucous cell population, since the fraction of insertion and recapture of transporter-containing vesi-PAS-positive cells appears to be greatly elevated in the cles (Schwartz and Al-Awqati, 1986; Calderhead and H-Y20A mice ( Figure 7C ). Furthermore, we find that in Lienhard, 1988; Lencer et al., 1990 ; Murer and Biber, H-Y20A animals parietal cells are totally absent in some 1996). The present study defines a molecular signal reregions of the gastric mucosa and are completely responsible for this membrane cycling in vivo. It is interestplaced by mucous cells (Figures 7E and 7C ). These data ing to note that the targeting of the GLUT4 carrier to suggest that the one-year-old mice expressing H-Y20A an intracellular membrane compartment may involve a consistently develop features typical of Menetrier's dileucine motif present in its cytoplasmic tail (Verhey disease. et al., 1995) . The dileucine motif can function as an endocytosis signal, and it remains to be determined whether the role of this sequence in GLUT4 targeting is Discussion associated with the protein's retrieval from the plasmalemma to an intracellular compartment. We have examined the role of a tyrosine-based se-
The transferrin receptor undergoes rapid, constitutive quence motif present in the cytoplasmic tail of the ␤ endocytosis. It is perhaps surprising, therefore, that ensubunit of the H/K-ATPase in the targeting of this protein docytosis of the H/K-ATPase, which bears a strikingly to a regulated compartment in vivo. We have generated similar signal, occurs only after the removal of secretatransgenic mice expressing either the wild type or a gogue stimulation. The membrane fusion induced by the mutant form of the ␤ subunit in which the tyrosine secretagogue stimulation of parietal cells is associated residue has been mutagenized into an alanine. The with the phosphorylation and assembly of numerous transgenic animals expressing the mutant form of the elements of a submembranous cytoskeleton. This cy-H/K-ATPase ␤ subunit hypersecrete gastric acid under toskeleton, which interacts directly with the H/K-ATPase resting conditions, and cell surface expression of the ␣ subunit (Mercier et al., 1989; Hanzel et al., 1991) , may H/K-ATPase is increased compared to control animals. prevent the ␤ subunit's signal from mediating the holoMoreover, the transgenic mice expressing the mutant enzyme's internalization. The depolymerization of the form of the H/K-ATPase ␤ subunit consistently develop cytoskeleton that accompanies the termination of secregastric ulcer disease and subsequently exhibit features tagogue stimulation might then allow the information described in patients with hypertrophic gastropathy. present in this motif to be recognized and acted upon These data demonstrate that the H/K-ATPase ␤ subby the parietal cell's endocytosis machinery, resulting unit tyrosine-based motif is required to initiate the rein the retrieval of H/K-ATPase and its return to the TVE. moval of the H/K-ATPase from the apical membrane of
The gastric hyperacidification in the transgenic mice parietal cells and to ensure its return to the TVE compartexpressing the mutant protein was associated with sement in order to terminate the process of acid secretion.
vere pathological changes in the stomach. In some The participation of a tyrosine-based signal in the reforms of human peptic ulcer disease, colonization of the trieval of the H/K-ATPase suggests that this process gastric mucosa by the bacteria H. pylori appears to be involves interactions with adaptins and is mediated by an important pathogenetic factor (Blaser, 1987 ; Blaser, clathrin coated pit formation. This hypothesis is consis-1992; Blaser and Parsonnet, 1994) . We could not detect tent with a previous electron microscopic examination any evidence for colonizing bacteria in the stomachs of of parietal cells, in which the transition from the stimuthe mutant mice, which suggests that the hypersecrelated to the resting state was associated with the aption of acid is itself sufficient to induce the gastric lepearance of abundant coated pits and coated vesicles sions. This situation is somewhat analogous to that ob- (Schofield et al., 1979 ). An alternative mechanism was served in patients who develop the Zollinger-Ellison proposed in a recent study that employed a rapid freeze syndrome (Zollinger and Ellison, 1955) . These patients electron microscopic technique to examine parietal cells have gastrin-producing adenomatous tumors, which in (Pettitt et al., 1995) . It was suggested that secretagogue turn lead to a continous stimulation of the parietal cells, binding does not produce exocytosis of the TVEs, but and thus to a hypersecretion of acid. These patients rather that TVEs are permanently continous with the classically develop severe duodenal and gastric ulcers apical plasma membrane. According to this model, stimthat are clearly attributable to hyperacidification, since ulation of acid secretion swells the TVE and widens the their stomachs are often sterile. It is interesting to note pore that connects it to the cell surface. Termination of that the transgenic mice do not develop duodenal ulacid secretion would allow the TVEs and the connecting cers. Presumably, differences in the rate at which the pores to contract to their resting size. It is difficult to mouse stomach empties or in the capacity of the mouse reconcile this hypothesis with the current evidence impancreas to neutralize gastric acid entering the duodeplicating a tyrosine-based signal in the inactivation of num spares the duodenal mucosa in the transgenic aniacid secretion. Experiments are under way to define the mals. A subset of human duodenal ulcer patients ‫)%3ف(‬ cellular components with which the ␤ subunit's signal manifest high basal gastric acid secretion in the absence interacts and to determine the precise mechanism of elevated serum gastrin levels (Kirkpatrick and Hirthrough which it exerts its effect. schowitz, 1980) . This scenario is reminiscent of that obThe function of several membrane transport proteins served in the transgenic mice expressing the mutant are governed by regulated exo-and endocytosis. Nuprotein, and it will be interesting to examine whether the merous studies have shown that hormonal regulation of the GLUT4 glucose carrier, renal water channels, renal pathology in these patients is attribuable to a molecular defect similar to the mutation of the H/K-ATPase ␤ subfrom the cell surface and for its targeting to the TVE storage compartment. It should now be possible to charunit signal that results in secretagogue-independent constitutive acid secretion.
acterize the cellular machinery that interacts with this signal and to reconstruct the protein-protein interacAlthough it was initially described over 100 years ago (Menetrier, 1888), the pathologic basis of Menetrier's tions involved in orchestrating this regulated endocytosis event. Moreover, the propensity of these transgenic disease has remained mysterious. This rare disorder is associated with massive enlargement of gastric folds mice to develop gastric ulcers and hypertrophic gastropathy suggests that they will constitute an exciting and mucous cell hyperplasia (Frank and Kern, 1967; Davis et al., 1977; Scharschmidt, 1977) . This increase in vivo model that may be of value in efforts to both elucidate the mechanisms of acid peptic disease and in the mucous cell population is often associated with a concomitant decrease in parietal cell mass. Conseevaluate new pharmacotherapies. quently, many Menetrier's patients secrete little, if any, gastric acid.
Experimental Procedures
It has been suggested that colonization with H. pylori (Bayerdorffer et al., 1993 (Bayerdorffer et al., , 1994 . Further support for the These mice develop dramatic hypertrophic gastropathy to the introduced mutation were amplified separately in two parallel associated with cystic metaplasia and hyperproliferareactions using primer pairs (1), (2) and (3), and (4), respectively. tion of mucous cells (Fox et al., 1996) .
The products of these reactions were then annealed, extended, and
Other studies indicate, however, that Helicobacter is amplified with primers (1) and (4) found in the general population ‫)%03ف (‬ (EUROGAST, 1993; Wolfen et al., 1993) . Furthermore, a transgenic Transgenic Mice mouse model in which transforming growth factor ␣ Transgenic mice were generated using standard techniques (Hogan (TGF␣) is overexpressed in gastric epithelial cells develet al., 1986) . A 3.3 kb fragment corresponding to the cytomegalovirus (CMV) promoter joined either to the wild-type H/K ␤ cDNA or H-Y20A ops a hypertrophic gastropathy whose histopathology The H-Y20A-expressing mice generated in the present ach (Schmidt et al., 1990; Kothary et al., 1991) . The fragments constudy uniformly acquire a Menetrier-like hypertrophic taining the conjoined promoter-␤ subunit construct were separated gastropathy associated with mucous cell hyperplasia by agarose gel electrophoresis and purified by Geneclean (Bio 101, Vista, CA), followed by two phenol extractions and ethanol precipitaand loss of parietal cell mass. Close examination of the tions. The cDNA inserts were resuspended in sterile injection buffer gastric mucosa derived from these animals has consis-(50 mM Tris, pH 7.4, 1 mM EDTA) at a concentration of 2 ng/l, and tently failed to detect colonization by H. felis or any 500 ng were injected into embryos from B6SJL mice (injection was other bacterial pathogen. We conclude, therefore, that performed by the Yale University Transgenic Mouse Facility). the hyperacidity that is induced through H-Y20A expresThe resultant offspring were screened for incorporation of the sion is responsible for the observed pathology. Taken transgenes by Southern blot analysis (Ausubel et al., 1994) . Genomic together with the observations discussed above, our DNA was extracted from tail biopsies by purification on a spin column according to the manufacturer's instructions (Quiagen Inc., data suggest that Menetrier's disease may be a common Chatsworth, CA). Hybridization was performed overnight at 65ЊC endpoint that can be induced by a number of chronic using a digoxigenin-labeled probe specific for the CMV promoter. may in turn induce a reactive hyperplasia. Future experiWestern blot analysis was performed as previouly described (Gotments will examine the role of TGF␣ in the acquisition of tardi and Caplan, 1993a) . Stomachs and colons were removed from Menetrier's histopathology in the H-Y20A mouse model. control and transgenic mice, opened, and rinsed in ice cold PBS.
In conclusion, we have identified a key mechanism Cells were scraped from the mucosa with a razor blade and transinvolved in the inactivation of gastric acid secretion. The ferred into a 1.5 ml microfuge tube containing PBS plus Triton 1%.
tyrosine-based signal expressed in the H/K-ATPase ␤ The cells were broken by manual homogenization with a pestle and allowed to sit on ice for 30 min. Postnuclear supernatants were subunit is responsible for the retrieval of the H/K-ATPase then prepared by centrifugation for 10 min at 800 ϫ g, and these
Immunoperoxidase Labeling Stomach sections obtained from one-year-old wild-type and supernatants were processed for Western blot analysis. Kidneys, brains, and livers were also removed from the animals, and homoge-H-Y20A transgenic animals were labeled with polyclonal antibodies directed against either the N-terminal sequence of the H/K-ATPase nates were prepared according to standard methods (Gottardi and Caplan, 1993a) .
␣ subunit (Gottardi and Caplan, 1993b) or PCNA (DAKO). Specific antibody binding was detected using immunoperoxidase labeling. Briefly, the paraffin sections were dewaxed in xylene through to Cell Culture and Transfection alcohol and incubated in 0.5% methanolic peroxide for 10 min to COS-1 cells were maintained in a humidified incubator at 37ЊC under block endogenous peroxidase. The sections were rinsed in tap wa-5% CO2 atmosphere in MEM that was supplemented with 10% fetal ter, hydrated in PBS, and then preblocked in GSDB buffer (16% bovine serum, 50 units/ml penicillin, 50 g/ml streptomycin, and 2 filtered goat serum, 0.3% Triton X-100, 20 mM NaP i , pH 7.4, 150 mM L-glutamine. COS-1 cells (2 ϫ 10 5 ) were seeded onto glass mM NaCl). Following a 1 hr incubation with polyclonal antibodies coverslips 12-24 hr prior to transfection and transiently transfected directed against the H/K-ATPase ␣ subunit (dilution 1:100) or PCNA with H/K-ATPase ␣ (kind gift of G. Shull) and/or H-Y20A cDNAs by (dilution 1:400), the slides were washed in PBS containing 0.1% the DEAE-Dextran method (Sambrook et al., 1990) .
BSA and incubated with peroxidase conjugated goat anti-rabbit IgG for 1 hr. The slides were incubated for ‫02ف‬ min in diaminobenzidine solution (0.005% H 2O2 was added to 10 mg diaminobenzidine freshly Immunofluorescence dissolved in 0.5 M Tris and 7.5 % sucrose, pH 7.4) and the reaction Transiently transfected COS-1 cells were fixed in methanol (Ϫ20ЊC) was stopped by washing in water. The localization of reaction prodand processed as previously described (Gottardi and Caplan, uct was observed with a Zeiss Axiophot microscope. 1993b). Cells were incubated for 1 hr at room temperature (dilution 1:100) with a MAb directed against the ectodomain of the H/KDetermination of Acid Secretion and Intracellular ATPase ␤ subunit (kind gift of D. Chow and J. Forte, U.C., Berkeley, Calcium Levels in Isolated Gastric Glands CA) and/or a polyclonal antibody directed against the N-terminal Gastric glands were isolated from three-month-old mice by microsequence of the H/K-ATPase ␣ subunit (Gottardi and Caplan, dissection as previously described (Geibel et al., 1995) . A small area 1993b). The cells were then stained with rhodamine-conjugated goat of gastric fundus from control and transgenic animals was rinsed anti-mouse IgG and/or fluorescein isothiocyanate-conjugated goat four times in a standard HEPES-buffered Ringer's (pH 7.4) solution anti-rabbit IgG for 1 hr (dilution 1:100). Staining was visualized with at 4ЊC and then transferred to the stage of a dissecting microscope. a Zeiss Axiophot microscope.
Individual glands were isolated by hand dissection. Isolated glands were then placed into a chamber on the stage of a Zeiss LSM-410 confocal microscope. For experiments designed to examine acid Electron Microscopy and Immunogold Labeling secretion, they were preincubated at room temperature for 10 min Three month old control and transgenic mice expressing H-Y20A in Ringer's saline solution containing 10 mM of the pH-sensitive dye were starved for 24 hr and injected with cimetidine (3 mg) or pentaacridine orange. Fluorescence was excited at 493 nm, and emission gastrin (15 g) 1 hr before sacrifice. After fixation by cardiac perfuwas measured at 569 nm using a multiline argon laser coupled sion with PLP (10 mM NaIO 4 , 750 mM lysine, 37.5 mM Na-PO 4 buffer, to the confocal microscope. Histamine was added to the bathing 2% paraformaldehyde), stomachs were removed and processed for solution at a final concentration of 10 Ϫ7 M, and fluorescence was electron microscopy as previously described (Biemesderfer et al., monitored at 30 s intervals for 20 min. Each image is the product 1992). Ultrathin sections were examined using a Zeiss 910 electron of 8-fold frame averaging. Fluorescence intensity was quantitated microscope.
by averaging pixel values measured over the entire gland and within Micrographs of parietal cells were taken randomly by an individual three randomly chosen 50 2 boxes. who was blinded to the experimental conditions. Micrographs of at
The calcium-sensitive dye calcium orange was used to determine least 70 parietal cells from each condition were intermixed and intracellular calcium levels in isolated gastric glands from control presented to four individuals who were blinded to the experimental and transgenic mice. After dissection, glands were preincubated conditions. The degree to which each cell appeared stimulated was at room temperature in Ringer solution containing 10 M of the scored on a scale of 1 to 4. The data were compared by Student's acetoxymethyl ester form of calcium orange for 20 min to allow t test. uptake and ester hydrolysis. Residual and nondeesterified dye was For immunogold labeling, stomachs were postfixed in PLP for 6 removed by multiple washes of the glands with buffer. Fluorescence hr and then cryoprotected through incubation for 1 hr in 2.3 M intensity was estimated as described for acridine orange, except sucrose in phosphate buffer (pH 7.2) with 50% polyvinylpyrrolidone.
that the excitation wavelength was 564 nm and the emission waveTissue was mounted on aluminium nails and stored in liquid nitrogen.
length was 590 nm. Ultrathin cryosections were cut with a Reichert ultramicrotome equipped with an FC-4E. Immunogold labeling was performed on
